Background: Given the relationship between chronic disease and poor nutritional habits, using strategies to address the crisis of poor health in the U.S. is necessary. We explored if overweight people wanting to lose weight could benefit from having the Immuno Bloodprint, a proprietary IgG-mediated food sensitivity test to determine which foods to eliminate from the diet. IgG-mediated antibodies are thought to be causal in some food hypersensitivity and thus related to overweight status.
Introduction
Chronic diseases, such as cardiovascular/heart disease, obesity, and diabetes, account for the majority of deaths in the U.S. each year, and the care of these patients accounts for more than 75% of the nation's medical costs [1] . In addition, behavioral causes, such as poor diet and being sedentary, account for nearly 40% of all deaths [2] . Many recent studies have implicated dietary factors in the cause and prevention of significant diseases, including obesity and heart disease. Thus, the best strategy for improving the health of the nation and reducing the number and costs of premature deaths lies in changing behavior, such as eating better.
Chronic diseases are likely to be multi-factorial involving a number of different predispositions, although the degree of the effect of any factor may vary from person to person. Many people are aware that dietary habits contribute to their condition, and some also believe that dietary intolerance, allergy, or sensitivity causes their symptoms so removing reactive foods from the diet may be beneficial. Determining food intolerance is typically difficult due to its uncertain etiology, nonspecific symptoms, and relative inaccessibility of the affected organ. Thus, many efforts to test for food intolerance, especially in sufferers of digestive disorders, have predominantly looked at food allergy due to the incidence of Immunoglobulin E (IgE)-mediated antibody responses, although these immediate type reactions appear to be rare [3] .
Therefore, symptomatic reactions to food might be caused by another immunologic mechanism, rather than dietary allergy. Such reactions might be Immunoglobulin G (IgG)-mediated antibodies, which result in a delayed response following exposure to a particular antigen, compared to IgE [4] and are suggested to be causal in some food hypersensitivity [5] [6] [7] . However, this mechanistic explanation is not consistently believed and is considered by some to be physiological [8] [9] [10] , due in part because IgG food antibodies have been found in apparently healthy persons [11] [12] [13] . Nonetheless, IgG food antibodies may play a role in certain conditions, such as irritable bowel syndrome [14] , obesity [15] , type I diabetes [16] , and migraine [17] . Thus, the purpose of this study was to evaluate the effectiveness of a novel food sensitivity test, the Immuno Bloodprint, in combination with an elimination diet based on the presence of IgG antibodies to food in persons wanting to lose weight and/or who were overweight or obese according to body mass index (BMI).
Materials and Methods

Subjects
Potential subjects (n=120) who were interested in losing weight were recruited, screened, and enrolled at the University of Miami Miller School of Medicine between 2008 and 2010. The study was conducted with the approval of the Institutional Review Board for human subjects research, and all participants signed informed consent before commencing in the study. The sample comprised of 16% males (n=19) and 84% females (n=101) with a mean age of 45.5 years (SD=12.2; R=20, 70). The racial/ethnic distribution of the sample was as follows: 51% Hispanic (n=61), 38% white, non-Hispanic (n=46), 6% black, non-Hispanic (n=7), and 5% of other types (n=6).
Sample size
Based on the results of Atkinson et al. (2004) , who utilized an IgG-mediated test and subsequent 12-week elimination diet for GI symptoms, we estimated that our sample would achieve at least a 5% improvement in body weight at the end of the intervention period (from baseline to 90-day follow-up) [18] . We calculated that a sample size of 75 subjects (with at least 80% power and an alpha level = 0.05) would be necessary to detect this difference. Our goal was to enroll at least 100 subjects in the study, and we were able to enroll 120.
Study design
Potential study candidates were approached and screened among consecutive patients who were being treated at the Internal Medicine Clinics and at the Center for Complementary and Integrative Medicine. Potential subjects were being treated for a wide range of medical and mental health problems and were identified by the clinicians as potential candidates for needing to lose weight. Subjects were identified as individuals with BMI 20 and above and/or who expressed an interest in losing weight. Subjects were enrolled in the study if they were not: (1) less than 18 years of age; (2) currently participating in another research trial for weight loss; (3) suffering from serious medical complications that might limit their participation, such as recent heart attack, stroke, or chronic kidney disease; and/or (4) pregnant. Each subject agreed to eliminate the reactive foods from the diet for 90 days based on the results of the IgG-mediated test.
After fulfilling inclusion/exclusion criteria at screening, subjects made an appointment with study staff to have blood drawn. The tube of blood was sent to Immuno Laboratories, Inc. (Ft. Lauderdale, FL) for processing and analysis. Immuno Laboratories, Inc. is licensed federally and in several states, is accredited by the College of American Pathologists, and utilizes a proprietary test known as the Immuno Bloodprint. The test utilizes microtiter plates with tiny wells that hold antigens of 115 commonly eaten foods and ingredients (see Appendix 1), and the participant's blood is tested with each antigen. Laser-like light beamed on a micro plate reads precisely which foods are reactive to each participant's blood based on IgG reactions to each antigen.
The participant was scheduled to return to receive the results and complete the baseline assessment. Subjects were provided with the test results and an individualized dietary plan based on replacing reactive foods with non-reactive foods as replacements per the Immuno Bloodprint results. A rotation plan of the non-reactive foods and general information about healthy eating, food preparation, and shopping was given to each participant. No other behaviors were addressed in the recommendations for each participant. The primary advice to each participant was to focus as much as possible on eliminating the reactive foods from the diet for the entire 90-day period. All participants were encouraged to contact the study team with questions, as they implemented their elimination diet.
Outcomes and assessment schedule
Each participant completed a basic demographics and medical history questionnaire at baseline. They were also asked to note any changes in type or amount of their medications during the course of the study. Criteria used to select the assessment instruments included: a) appropriateness for the population; b) ease of administration and scoring; c) experience administering these measures; and d) employment of measures involving a multi-method (i.e., self-report and physical measures) approach to enhance the validity of the overall assessment.
The primary outcomes of this study were measures of body composition, including: height and weight to assess BMI and hip and waist circumference to calculate waist/hip ratio (WHR). Subjects completed a 3-day food record at each assessment to list all food and beverage consumption during that particular time. Subjects recorded their intake from two weekdays and one weekend day prior to the assessment appointment to allow for fluctuations over a normal weekly period. Participants were instructed on how to complete the 3-day food record using common portion sizes and household measures. The 3-day food record at each assessment was used to gauge compliance to the elimination diet based on a comparison of the foods eaten during those three days to the Immuno Bloodprint results of reactive foods for that subject. For example, if a subject ate 20 different foods during the 3-day period and one of the foods was IgG-reactive according to the Immuno Bloodprint results, then the subject was 95% compliant with the diet for that particular assessment. We also assessed resting blood pressure and heart rate and quality of life with the SF-36 Health Survey [19] , which provides psychometrically-based physical and mental health summary measures and a preference-based health utility index. The SF-36 provides a t-score for each scale or domain ranging from 0-100 with higher scores representing better perceived quality of life. Subjects were assessed on all outcome variables at baseline and 30-, 60-, and 90-day follow-up.
Statistical analysis
Data were analyzed using SPSS 19 (SPSS Inc., Chicago, IL) for Windows. Frequency and descriptive statistics were calculated on all variables. We utilized Linear Mixed Modeling (LMM) to assess the fixed effect of time on changes in our outcome variables from baseline to the 90-day follow-up period. If the type III test of the fixed effect of time and the parameter estimate of the baseline to the 90-day fixed effect were significant, then we used pairwise comparisons to determine the unique differences between baseline and follow-up values at 30, 60, and 90 days. LMM allowed us to account for subject attrition, intercorrelated responses between time points, and non-constant variability. The criterion for statistical significance was α = 0.05
Results
For all participants, the average number of IgG-reactive foods and ingredients was 14.8 (SD=7.2) with a range of 5 to 34. Average percent compliance to the diet was as follows: 30-day follow-up, 97.8% Table 1 shows the descriptive values of body composition, systolic and diastolic blood pressure, and heart rate at baseline and 30-, 60-, and 90-day follow-up. For weight, a significant fixed effect was found for time (F[3,27.7]=17.1, p<0.001), and the parameter estimate between baseline and 90-day follow-up was also significant (t[34.6]=4.0, p<0.001). Pairwise comparisons revealed that weight at baseline was significantly higher than at 30 days (mean difference=3.7; SE=0.6; 95% CI: 2.1, 5.2; p<0.001), at 60 days (mean difference=5.1; SE=0.9; 95% CI: 2.6, 7.5; p<0.001), and at 90 days (mean difference=5.5; SE=1.4; 95% CI: 1.7, 9.4; p=0.002). For BMI, a significant fixed effect was found for time (F[3,30.5]=17.4, p<0.001), and the parameter estimate between baseline and 90-day follow-up was also significant (t[36.2]=4.9, p<0.001). Pairwise comparisons revealed that BMI at baseline was significantly higher than at 30 days (mean difference=0.65; SE=0.10; 95% CI: 0.38, 0.93; p<0.001), at 60 days (mean difference=0.97; SE=0.14; 95% CI: 0.57, 1.37; p<0.001), and at 90 days (mean difference=1.07; SE=0.22; 95% CI: 0.46, 1.67; p<0.001). For waist circumference, a significant fixed effect was found for time (F[3,40.7]=17.1, p<0.001), and the parameter estimate between baseline and 90-day follow-up was also significant (t[34.5]=6.8, p<0.001). Pairwise comparisons revealed that waist circumference at baseline was significantly higher than at 30 days (mean difference=2.07; SE=0.47; 95% CI: 0.78, 3.36; p<0.001), at 60 days (mean difference=1.85; SE=0.47; 95% CI: 0.56, 3.15; p=0.01), and at 90 days (mean difference=2.35; SE=0.35; 95% CI: 1.38, 3.33; p<0.001). For hip circumference, a significant fixed effect was found for time (F[3,32.0]=4.31, p=0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[20.5]=3.1, p=0.005). Pairwise comparisons revealed that hip circumference at baseline was significantly higher than at 90 days only (mean difference=1.33; SE=0.42; 95% CI: 0.10, 2.57; p=0.05). For waist-tohip ratio, a marginally non-significant fixed effect was found for time (F[3,34.2]=2.76, p=0.06), but the parameter estimate between baseline and 90-day follow-up was significant (t[31.5]=2.8, p<0.01). Pairwise comparisons revealed that waist-to-hip ratio at baseline was marginally higher than at 90 days only (mean difference=0.04; SE=0.01; 95% CI: 0.01, 0.07; p=0.05).
For systolic blood pressure, the fixed effect for time was nonsignificant (F[3,41.2]=2.30, p=0.09), but the parameter estimate between baseline and 90-day follow-up was significant (t[51.9]=2.5, p<0.05). However, pairwise comparisons revealed that the difference in systolic blood pressure from baseline to 90 days was not significant (mean difference=6.05; SE=2.41; 95% CI: -0.56, 12.7; p=0.09). For diastolic blood pressure, a significant fixed effect was found for time (F[3,41.9]=3.0, p<0.05), and the parameter estimate between baseline and 90-day follow-up was also significant (t[40.9]=2.6, p<0.01). Pairwise comparisons revealed that diastolic blood pressure at baseline was slightly higher than at 60 days (mean difference=3.5; SE=1.4; 95% CI: -0.28, 7.23; p=0.08) and at 90 days (mean difference=3.7; SE=1.4; 95% CI: -0.29, 7.72; p=0.08). For heart rate, the fixed effect for time was non-significant (F[3,35.3]=0.3, p=0.83), and the parameter estimate between baseline and 90-day follow-up was also non-significant (t[27.2]=-0.1, p=0.91). that physical functioning at baseline was significantly lower than at 60 days (mean difference=-5.6; SE=1.9; 95% CI: -10.8, -0.23; p=0.05) and at 90 days (mean difference=-8.4; SE=1.7; 95% CI: -13.0, -3.8; p<0.01). For physical role functioning, a significant fixed effect was found for time (F[3,39.4]=10.4, p<0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[72.0]=-5.5, p<0.01). Pairwise comparisons revealed that physical role functioning at baseline was marginally lower than at 30 days (mean difference=-7.5; SE=2.8; 95% CI: -15.3, 0.31; p=0.07), but significantly lower at 90 days (mean difference=-11.5; SE=2.1; 95% CI: -17.1, -5.9; p<0.001). For emotional role functioning, a significant fixed effect was found for time (F[3,29.8]=6.2, p<0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[31.3]=-3.2, p<0.01). Pairwise comparisons revealed that emotional role functioning at baseline was significantly lower than at 60 days (mean difference=-8.6; SE=2.1; 95% CI: -14.3, -2.8; p<0.01) and at 90 days (mean difference=-7.8; SE=2.4; 95% CI: -14.6, -1.0; p<0.05). For mental health, a significant fixed effect was found for time (F[3,30.3]=9.6, p<0.01), and the parameter estimate between baseline and 90day follow-up was also significant (t[23.8]=-5.1, p<0.01). Pairwise comparisons revealed that mental health at baseline was marginally lower than at 60 days (mean difference=-5.6; SE=2.1; 95% CI: -11.6, 0.30; p=0.07), but significantly lower at 90 days (mean difference=-8.2; SE=1.6; 95% CI: -12.7, -3.6; p<0.001). For social functioning, a significant fixed effect was found for time (F[3,35.3]=8.9, p<0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[39.7]=-5.1, p<0.01). Pairwise comparisons revealed that social functioning at baseline was marginally lower than at 60 days (mean difference=-9.2; SE=3.5; 95% CI: -19.0, 0.60; p=0.08), but significantly lower at 90 days (mean difference=-13.6; SE=2.7; 95% CI: -20.9, -6.2; p<0.01). For vitality, a significant fixed effect was found for time (F[3,29.4]=8.7, p<0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[28.6]=-4.7, p<0.01). Pairwise comparisons revealed that vitality at baseline was significantly lower than at 30 days (mean difference=-10.3; SE=2.8; 95% CI: -18.1, -2.5; p<0.01), at 60 days (mean difference=-8.7; SE=2.7; 95% CI: -16.2, -1.2; p<0.05), and at 90 days (mean difference=-13.9; SE=3.0; 95% CI: -22.3, -5.5; p<0.01). For bodily pain, a significant fixed effect was found for time (F[3,31.2]=9.6, p<0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[32.6]=-4.6, p<0.01). Pairwise comparisons revealed that bodily pain at baseline was significantly lower than at 30 days (mean difference=-10.8; SE=2.7; 95% CI: -18.3, -3.4; p<0.01), at 60 days (mean difference=-12.0; SE=2.6; 95% CI: -19.2, -4.7; p<0.01), and at 90 days (mean difference=-13.7; SE=3.0; 95% CI: -22.0, -5.4; p<0.01). For general health, a significant fixed effect was found for time (F[3,28.0]=9.4, p<0.01), and the parameter estimate between baseline and 90-day follow-up was also significant (t[28.6]=-3.9, p<0.01). Pairwise comparisons revealed that general health at baseline was significantly lower than at 30 days (mean difference=-9.0; SE=1.8; 95% CI: -14.0, -3.9; p<0.01) and at 90 days (mean difference=-9.1; SE=2.3; 95% CI: -15.7, -2.5; p<0.01).
Discussion
In this clinic-based study of persons wanting to lose weight, we assessed the effect of an IgG-mediated food sensitivity test, the Immuno Bloodprint, combined with a subsequent elimination diet for 90 days on measures of body composition, resting blood pressure and heart rate, and quality of life. Not only did participants lose weight, but they demonstrated improvements in their BMI, waist and hip circumferences, resting diastolic blood pressure, and all measures of quality of life according to the SF-36 from baseline to 90-day follow-up. We also noted that some anthropomorphic changes occurred within 30 and 60 days (e.g., weight, BMI, waist circumference), but the greatest differences happened at the 90-day follow-up assessment. The results of our physical measures are strengthened by the positive changes seen in our quality of life indicators utilizing the SF-36, particularly the scales of vitality, bodily pain, and general health, suggesting that not only were our participants making improvements, but that they were subjectively associating those changes with how they felt in various domains. Additionally, subjects reported a very high compliance to the diet (at least 95% average compliance) for each of the follow-up periods.
The results of our study provide useful information for persons who are interested in losing weight, but have found other attempts to be challenging. Multiple ways of losing weight are recommended in the mass media by many different organizations, e.g., DASH, the South Beach Diet, the Ornish Diet, the Mediterranean diet, Weight Watchers, Nutrisystem, gluten-free, vegetarian/vegan, and others. However, none of those plans recognizes the possibility that certain foods, even those considered as healthy, such as tomatoes or pinto beans, could be problematic for overweight individuals who are IgG-reactive to them. Thus, eliminating foods that are IgG-reactive, while replacing them with similar, non-reactive foods to ensure that nutrient deficiencies do not occur, is a novel strategy for addressing the epidemic of overweight/obesity. Given that disease symptoms can be reversed with lifestyle changes, particularly by adopting healthier eating habits [20, 21] , a focus on educating overweight people about the benefit of eliminating IgG-reactive foods from the diet could be an additional strategy to ensure that weight loss is long-lasting and perhaps permanent. In addition, this novel IgG-mediated food test offers overweight persons an additional layer of information to add to what is commonly accepted as necessary to lose weight, e.g., a negative balance of caloric consumption versus expenditure, a reduction in calorie-dense foods, and the need to limit portion sizes.
While the use of IgG-mediated testing is not universally-accepted as accurate or valid in identifying foods that are reactive or "allergenic" due to the occurrence of IgG antibodies in the blood of healthy individuals [13, 22] , others have suggested that non-IgE mechanisms are useful for individuals who may be symptomatic to certain foods [23] . Additionally, researchers in headaches and gastroenterological complaints and disorders have discovered improvements in symptoms by using IgG-mediated testing combined with a subsequent food elimination diet [18, [24] [25] [26] [27] [28] . Furthermore, while IgE testing is the commonly-recognized method to determine food allergies [29, 30] , the use of IgG testing may continue to show utility, as IgG antibodies against food antigens were shown to be linked to intima media thickness in obese adolescents juveniles [15] .
Despite the controversies surrounding the use of food antibody testing and their accuracies, to our knowledge this study is the first to assess the use of a novel IgG-mediated test and subsequent food elimination diet on weight loss, as other prior studies have primarily focused on headaches or stomach problems. Given our positive findings in body composition (body weight, BMI, and weight and hip circumference) and the ongoing epidemic in overweight/obesity, which is inherently linked to the other waves of cardiovascular disease, diabetes, cancer, and other diseases [31] [32] [33] , a simple test that can be utilized by overweight persons to help them lose weight is sorely indicated. The results of our study showed that participants lost an average of almost 1 pound per week, which is just under the recommendation of what is considered safe, healthy, and potentially permanent weight loss of 1-2 pounds per week [34] . Additionally, participants lost nearly 3 inches from the waist, as opposed to just under 1.5 inches from the hip, providing support for improvements in central obesity, which is a strong risk factor for metabolic syndrome, cardiovascular disease, diabetes, and others [35] [36] [37] .
In addition to the positive changes associated with body composition, our participants noted substantial subjective improvements in both physical and mental quality of life, as rated with the SF-36, one of the gold standards in this area. Thus, we surmise that the objective findings in body composition validate the subjective improvements noted by the participants, particularly in better vitality, bodily pain, and general health. Our results are consistent with other studies that have shown improvements in ratings of quality of life in parallel with weight loss [38, 39] . Our findings extend prior work by showing improvements in both the mental and physical quality of life domains, whereas others typically have only noted improvements in the physical domain [40, 41] .
Limitations of this study include our lack of any additional biological markers of inflammation, e.g., C-reactive protein, cytokines, or growth factors, to be able to determine the possible relationship between changes in body composition to other indicators of chronic disease. The foods that were tested include those that have been linked to cardiovascular disease, obesity, cancer, and other diseases (e.g., beef and cow's milk [42, 43] ), but were not eliminated from the diet if the participant was not reactive to those foods. Thus, perhaps even additional body composition and/or quality of life improvements could be made by considering the elimination of certain high-risk foods altogether regardless of IgG reactivity. Participants were not re-assessed with another IgG test at 90 days to determine consistency across the study and/or to denote any changes in response to the intervention.
The results of our study suggest that overweight or obese (according to BMI) people who want to lose weight are able to significantly improve multiple indicators of body composition, while simultaneously reporting subjective enhancements in physical and mental quality of life, by complying with a food elimination diet based on the results of IgG-mediated testing. Thus, within the spectrum of the overweight/obesity epidemic, our study represents a first attempt to show that a novel IgG-mediated Immuno Bloodprint test combined with a subsequent elimination diet may offer the opportunity for these persons to improve their dietary behaviors and subsequent health status by utilizing a tailored, individualized-specific program. Continued efforts at improving the way we intervene with overweight and obese people are critically important for reducing the personal and national burden of this epidemic in the U.S.
